Elias JE. The inter-rater reliability of the functional movement screen within an athletic population using untrained raters. J Strength Cond Res 30(9): 2591-2599, 2016-The functional movement screen (FMS) is a commonly used screening tool designed to identify restrictions to movement patterns and increased injury risk using 7 predesigned tests. The purpose of this study was to analyze the inter-rater reliability of scoring of the FMS using a group of "untrained" subjects. Additionally, the study also examined if clinical experience level had any effect on reliability. Twenty fully qualified Physiotherapists working at the English Institute of Sport, with elite athletes, volunteered to participate in the study. The group comprised both level 2 and level 3 physiotherapists based on clinical experience levels. Five elite athletes, free from injury, were recruited and videoed completing 6 of the 7 FMS tests using a 3 camera system. The videos were scored by each Physiotherapist using the standardized scoring sheet, as developed by Cook et al. Each practitioner marked each athlete completing the 6 tests. The total scores were calculated for each athlete (maximum score of 18). The inter-rater reliability of the test was shown to be high, intraclass coefficient 0.906. An independent t test showed no significant differences between the level 2 and level 3 practitioners in the total scores (p = 0.502). The results of the test indicate that the FMS is a reliable screening tool when used by untrained practitioners in determining faulty movement patterns and that clinical experience level does not affect the reliability, therefore it may be a useful tool in the screening of athletic populations.
INTRODUCTION

I
n recent years, elite sports participation has seen a huge increase in training and competition demands corresponding with a large increase in injury rates (8, 14) . The economic costs of injury have prompted research to begin to identify mechanisms and risk factors within athletic populations (14) . The interest in this area has also lead to an increase in the implementation of screening tools to attempt to identify those athletes at greater risk of injury.
The etiology of injury is thought to due to be an interaction of both intrinsic, i.e., age and previous injury, and extrinsic factors such as biomechanics, flexibility, and strength (21) . Within these, neuromuscular control has been identified as a vital area often overlooked by common screening methods (7, 21) . Normal movement requires the interaction of both muscle action and nervous information to allow joint mobility, strength, and stability of actions throughout the kinetic chain. Neuromuscular control may be affected by previous injury throughout the whole body as restrictions to range of movement or alterations to proprioceptive input may result in developed compensation strategies or altered mechanics (12, 17) . It has been suggested that this is a major risk factor for injury (7, 12, 15) .
Early identification and prevention of injury is becoming common practice within sports and teams. Previously, screening has focused on isolated assessment methods such as flexibility, strength, and joint range of movement (2) . However, this isolated approach fails to encompass the entire kinetic chain. More recently tests encompassing a more global approach to screening have been introduced; one such test is the Star Excursion Balance Test, which has been shown to be a reliable tool to predict increased lower limb injury risk (9) . However, much of the research uses athletes with preexisting pathology leaving the sensitivity of the tests questionable. More complex assessment methods have used a three-dimensional kinematic assessment to analyze movement patterns, specifically joint angles, related to increased injury threat. Plisky et al. (22) proposed that a more global approach may improve the efficacy in identifying those at risk of injury, focusing on isolated areas may overlook problems that have arisen elsewhere in the chain either due to injury or due to compensation strategies.
The functional movement screen (FMS) is a screening tool that has been developed by Cook et al. (5, 6) . It aims to analyze functional movement performance using 7 tests incorporating fundamental movement patterns. Each test challenges both the mobility and the stability of an individual throughout the whole kinetic chain. As opposed to isolated joint assessment, it encompasses a global approach to screening. It is graded using an ordinal scoring system, 0-3, aiming to identify imbalances and asymmetries using movement quality as the key determinant (Figures 1-6 for full scoring criteria). Previously, many screening tests have used quantitative measures to score athletes failing to assess the execution and quality of the performance. The ease of application and low running costs of the FMS may make it a very useful tool in screening athletic populations.
The reliability and validity of screening is crucial to allow accurate interpretation of the findings and subsequent implementation of prevention strategies (5, 6) . At present, minimal data exist regarding the reliability of the FMS. An initial study by Keisel et al. (14) established that scores of .14 may predict injury risk within a football population. A recent study by Minick et al. (17) investigated the inter-rater reliability of the FMS between 2 novice and 2 expert raters. Their results showed good reliability throughout the test with the novices having better agreement levels than the experts. Additionally, they found that some elements of the test had better agreement levels than others, potentially due to the triplanar analysis of some tests such as the trunk rotation test. There were some limitations within this study; all of the raters had completed the FMS course, and therefore, the application to "untrained" subjects remains unknown. There were only 4 raters used, and the camera system used only provided a 2 planar analysis, which may have produced discrepancies in the scoring as the FMS, as movement compensations may occur in any of the 3 planar directions.
Further studies have established high levels of reliability between raters; however, all these studies used raters that had undergone formal training for the FMS (7, 8, 20) . Due to the widespread use of the FMS by physiotherapists and strength and conditioning coaches who have not undergone formal training, it is vital to establish the inter-rater reliability of the FMS using qualified practitioners who are untrained subjects to increase the value of such a test. It is hypothesized that due to the ordinal scoring system, practitioners who have received no formal FMS training will still obtain high levels of reliability when using the FMS. This study aimed to compare the reliability between multiple Physiotherapists who are untrained in the use of the FMS and compare their clinical experience levels to identify any differences between the groups. It was also hypothesized that experience level will not affect reliability of the FMS. Additionally, in contrast to previous investigations, this study will evaluate reliability between a large numbers of practitioners.
METHODS
Experimental Approach to the Problem
Due to the ease of application, low running costs, minimal time demands, and repeatability of the FMS, it is potentially an excellent tool to screen athletic populations. Currently, the clinical implications are limited because minimal evidence exists to support the reliability of such a tool among clinicians who are untrained in the use of FMS. Additionally, it is of value to compare the effects of clinicians experience levels in scoring the FMS.
To determine the inter-rater reliability of the FMS and compare results across experience levels, 20 qualified physiotherapists working within elite sport scored 5 athletes completing 6 of the 7 FMS tests. One test, shoulder mobility, was excluded from the screening procedures because upper limb mobility is not applicable for the group of selected athletes. Any possible effects of this have been controlled for as only total scores will be statistically analyzed. The raters consisted of both level 2 and level 3 clinicians as defined by a company competency framework. Level 3 practitioners are more experienced clinicians between 8 and 10 years qualified and level 2 practitioners are between 4 and 8 years qualified. None of the raters had received formal training on the use of FMS and were therefore defined as untrained. All previous published research has used FMS trained clinicians. Each clinician used the standardized FMS scoring criteria as designed by Cook et al. (5, 6) . The reliability between raters will be calculated and the groups will be compared with explore any variations between clinical experience levels. This will establish if untrained subjects can reliably use the FMS as a screening tool.
Subjects
Five elite squash players (3 ranked top 10 in world, 3 males and 2 females, aged 25.4 6 4.6 years) were recruited by poster within the English Institute of Sport. All athletes were given an information sheet regarding the purpose of the investigation and their required participation in the study and were required to sign an informed consent form. All the athletes were injury free at the time of screening. A convenience sample of qualified physiotherapists from the English Institute of Sport recruited via internal e-mail. Each clinician was sent an information sheet and was asked to sign an informed consent form. All Physiotherapists were a minimum of 4 years qualified, working within elite sports, and over 18 years old. The clinicians were distinguished into 2 groups; level 2 and level 3 Physiotherapists as set by an internal competency framework. This study was approved by the Research Governance and Ethics Committee, Faculty of Health and Social Care, University of Salford.
Procedures
Each athlete was asked to complete a standardized warm up before testing. All athletes had refrained from training that day to try and eliminate any fatigue that may alter their performance. They then completed 6 of the 7 FMS tests using the FMS test kit; deep squat (DS), hurdle step (HS), inline lunge (INL), active straight leg raise (ASLR), trunk push up (TPU), and rotary stability (RS). Each athlete was asked to complete each test 3 times as suggested by Cook et al. (5) . All athletes completed any clearing tests required to undertake 3 of the tests. To ensure each test followed a standardized procedure, each athlete was instructed by the same clinician, following the script described by Cook et al. (5, 6) . All athletes were videoed using a 3 camera system (Puls-Rate camera system and software; Puls-Rate Global, Kent, United Kingdom) to allow a 3 planar analysis and increase the accuracy of scoring. The cameras were positioned front, side, and overhead. The videos were exported and synchronized in Dartfish Team Pro 5.5 software (Dartfish, Fribourg, Switzerland, 2010), transposed to ½ time speed to increase the time available to analyze the movements, and then saved as a complete DVD.
Each clinician was sent a copy of the DVD and an explanatory information pack including the standardized scoring criteria as designed by Cook et al. (5, 6 ) and 5 individual scoring sheets. The clinicians were instructed to watch the DVD and score the tests accordingly. They were able to watch the DVD an unlimited amount of times. Each clinician was also asked to complete a demographics form describing their experience level.
Statistical Analyses
The means, SDs, and ranges were calculated for the total score (maximum of 18) for all raters. An intraclass coefficient (ICC) was calculated for all raters using SPSS (IBM SPSS Statistics 19, Armonk, NY, USA) to determine the inter-rater reliability using the total scores. All the variables demonstrated normal distribution (shown using kolomogorov-smirnov), and therefore, an independent t test was used to examine any differences that may have occurred between the total scores between level 2 and 3 practitioners. An alpha level of 0.05 was used to determine significance.
RESULTS
The descriptive statistical analysis using the mean and SD showed that the group 1 (level 2 Physiotherapists) and group 2 (level 3) showed that there was no significant difference in groups for mean total score (p = 0.520; Figure 7 ; Table 1 ). The ICC was 0.906, showing that no significant differences were seen between raters. Scores more than 0.75 were considered excellent levels of agreement (1). Athletes 1-4 all have a SD of 1, demonstrating very little variation in the scoring. Athlete 5 had a greater SD (2), which may be explained by a larger scoring range that was seen for this athlete.
Figures 7-12 show the scoring breakdown for each athlete per test. Athletes 1-4 showed consistent scoring results, whereas athletes 5 demonstrated a larger range of total scores (8) (9) (10) (11) (12) (13) (14) (15) . This may be due to individual interpretation of the scoring criteria and possible limitations of a small ordinal scoring system, particularly with the variation seen in the INL and TPU test scored ( Figure 12 ). Minick et al. (16) also found increased disparity in these particular tests.
DISCUSSION
The results indicate a high level of inter-rater reliability in a single test scenario across a group of untrained practitioners. Figure 1 shows the mean total scores for levels 2 and 3 practitioners for all 5 athletes was 12 6 1, indicating that clinical experience does not affect the reliability of using the FMS when using the standardized scoring criteria. Practically, this may mean that the FMS is a clinically useful tool that can be successfully implemented by all levels of practitioners with no formal training. This corresponds with the findings of Minick et al. (16) who found that novice raters had an excellent reliability of scoring the FMS Journal of Strength and Conditioning Research the (kappa values: 0.80-1.00). Further investigations into the intrarater and inter-discipline reliability of the FMS may also enhance its evidence basis as a screening tool but was outside the scope of this study. Previously, research has only focused only small groups of testers within this study; multiple raters were chosen to investigate the reliability of the FMS across a broader subject group to improve the clinical implications of any findings. However, the multiple rater design made statistical analysis of inter-rater agreement difficult because few tests use a multiple rater approach for ordinal data. Despite this, the tests used found excellent levels of agreement when using the total scores. Figures 2-6 show that the ASLR was the only test in which an athlete did not receive a score of less than 2. Minick et al. (16) previously found that the ASLR had a higher reliability level than other elements of the test. This may be due to the ease of the test for this particular population or the scoring definition may make identification of the faulty movements more difficult.
Conversely, the RS, HS, and over head squat showed only 1 scorer marking an athlete as a 3. The multiplanar aspect to this test may have been more easily observed due to the use of the 3 camera video system used; this has been advocated by Cook et al. (5, 6) . As all practitioners were able to identify faulty movement patterns, these tests may be beneficial for easy identification of gross movement restrictions particularly in this athletic population because they are frequently incorporated movements both in training and in competition scenarios. The results from the study by Minick et al. (16) also found that the OS, INL, and RS had an increased scoring variation. Kiesel et al. (16) suggested that the increased difficulty of these tests may require more in-depth analysis of movement dysfunction.
One possible limitation within the design of the FMS is the ordinal scoring system, 0-3. It has previously been shown that some elements of the testing have increased agreement levels in comparison with others because there is a clearer description between the scoring levels. The results from this study agree with this as some elements of the tests, that is, HS had a more varied score than other elements such as ASLR. Additionally, athlete 5 demonstrated a much larger range, being scoring from an 8 to 15 (Table 1 ). This may be explained due to the individual's interpretation of the scoring system, requiring clearer definitions of the marking. Further investigation of the individual elements may establish better reliability for each component. Hickey et al. (13) implemented a 100-point scoring scale for the DS showing increased reliability using a broader scoring system. Minick et al. (17) also found that the scoring system may require modification to reduce any variation in interpretation of scoring. This may help to further increase the reliability of the FMS.
Furthermore, recent literature has attempted to validate the components of the FMS tests and relate the clinical observations to substantial asymmetries. Butler et al. (2) used a 3-dimensional biomechanical analysis of the DS to identify joint angle discrepancies that may relate to lower scoring. They found significant differences in their findings. This may require further investigation for the other elements of the tests against a gold standard testing procedure to increase the validity of the tests. It may also increase the understanding in the clinical implications of lower scores on the FMS.
Additionally, the exclusion of the shoulder mobility from this test may have limited the scope of this investigation. However, within this population of athletes, it was not deemed an appropriate measure by the study organizer. Any possible effects of this should have been controlled as total scores were used for all athletes.
Future studies should also aim to correlate the FMS to additional risk factors that may exacerbate the risk of injury. Kiesel et al. (16) found that scores of .14 had an increase injury risk. Exclusively, the FMS may identify gross alterations and asymmetries in movement patterns but may be affected by the interaction with other extrinsic factors.
PRACTICAL APPLICATIONS
Screening is rapidly becoming an integral part of athlete management. The results of this study show that the FMS is a useful tool that may be implemented by untrained practitioners with excellent levels of reliability, regardless of clinical experience level. The tool allows practitioners to easily identify gross restrictions and limitations to common movement patterns requiring minimal time and financial demands. Identification of such factors may allow rehabilitation to address these findings and reduce injury and reinjury rates by improving neuromuscular control of the whole kinetic chain.
ACKNOWLEDGMENTS
The researcher would like to thank the English Institute of Sport, in particular, the Physiotherapy Department, for the use of the facilities and technical equipment. I would also like to thank both the athletes, England Squash, and the Physiotherapy practitioners who volunteered to participate in the study and L. Herrington, C. Stapleton, and I. Horsley for their feedback and allowing the study to be a success. The results of the present study do not constitute endorsement by the authors or the National Strength and Conditioning Association. The manuscript is original and not previously published nor is it being considered elsewhere until a decision has been made as to its acceptability by the Journal of Strength & Conditioning Research Editorial Review Board.
